In the process of cloning murine proteins capable of binding to a regulatory module of the Ncum promoter, we isolated a novel homeobox gene, Burxl, the first vertebrate member of the structural subclass defined by Drosophila BarHI. Here we report its sequence, chromosomal localisation and embryonic expression pattern. Bat-xl was strongly expressed in restricted areas of head and neck mesenchyme and in the wall of the developing stomach and at weaker levels in the proximal fore-and hindlimbs. At embryonic day 10.5, expression in the head region is detected in spatially restricted areas of the first and second branchial arches, before any apparent cellular or morphological differentiation. Later in development, all expressing tissues in this region, which include the mesenchyme underlying the olfactory epithelium, the primary and secondary palate, the molar tooth papillae and the stroma of the submandibular gland, appear derived from ectomesenchyme of neural crest origin. At day 16.5, all locations other than the developing molars had become Barxl-negative. An intriguing feature is the restriction of Burxl expression to the molars suggesting a role in the differentiation of molars from incisors. Burxl already marks the future stomach region of the primitive gut at embryonic day 9.5 and is present in the mesenchymal wall of the stomach up to day 16.5. These results thus direct a search for its function to a number of inductive epithelial-mesenchymal interactions during craniofacial development and to stomach organogenesis.
Introduction
During embryogenesis, overt differentiation is preceded by the temporally and spatially restricted expression of transcription factors within an otherwise undifferentiated embryonic field. According to current thinking, these transcription factors are viewed as molecular switches which commit an embryonic field (understood in the broadest possible sense) to a particular developmental fate. Prominent among these developmental regulators is the ever growing class of homeodomain (HD) l Corresponding author, Tel: +33 91 269720, Fax: +33 91 269430.
proteins which are defined by their conserved 60 amino acid-long DNA binding domain, the homeodomain (Gehring, 1993) . They can be classified into families and sub-families on the basis of the overall homology and/or the presence of diagnostic residues in the HD's (Scott et al., 1989) . The latest analysis (Kappen et al., 1993) distinguished 30 such families, most of which contain members from distantly related organisms and have therefore been established early in evolution. In mice, conjectures about their role in developmental control, prompted by sequence homologies with Drosophila genes or suggestive patterns of expression, are rapidly being substantiated by data from gene inactivation experiments (reviewed by Krumlauf, 1994 Krumlauf, 1992) to organogenesis (Roberts et al., 1994) and cell differentiation (Li et al., 1990; Kojima et al., 1991) . Accordingly, their embryonic domains of expression range from broad regions of the embryo to specific organ primordia and clusters of terminally differentiating cells.
In an attempt to identify transcriptional regulators of phila BarH-1 and -2 genes (hence its name Barxl) which are determinants of photoreceptor and sensory organ differentiation in the fly (Kojima et al., 1991; Higashijma et al., 1992) . Here we report the sequence and the developmental profile of expression of the Barxl transcript. Its spatio-temporally restricted expression in branchial arch-and frontonasal process-derived mesenthyme and the stomach anlage suggests a role in early patterning of the face and mid-gut.
the cell-adhesion receptor NCAM, we screened an expression library made from 11.5 day old mouse embryos with a functional module of the Ncam promoter containing two homeodomain binding sites (Valarche et al., 1993 ; J.-P. T.-S. and M.-L. M., unpublished results).
One of the clones thus isolated encoded a novel HD protein, a member of the sub-family defined by the Droso-
Results

Analysis of Barxl cDNA
In a previous study, we screened an expression library made from a neuroblastoma cell line with the HDbinding sequence we had identified (Hirsch et al., 1991) in the promoter region of the mouse Ncam gene and recovered two cDNAs that contained homeoboxes In Northern blots of whole embryo RNA, a Barxl (Valarche et al., 1993) . To search for additional factors probe revealed a single 1.35-kb transcript, which was which have the potential for interacting with this elefirst detected at E 9.5 of development. The signal peaked ment in mouse embryos, we screened with the same around E 11.5, became much weaker at E 12.5 and bareprobe cDNAs produced from embryonic day 11.5 (E ly detectable at E 15.5 (Fig. 1) . On longer exposures, a 11.5) mouse embryo RNA and cloned in the expression very faint signal could be detected until, but not beyond, vector lambda gt 11. Cross-hybridization analysis of the birth (not shown). clones, which gave strong signals with our probe but not Sequence analysis of two of the six cross-hybridizing with a mutated version of it, revealed 13 different secDNAs isolated confirmed that they were derived from quences. Sequencing of representatives of each class the same gene and that both possessed a poly(A) tail. showed that eleven contained homeoboxes (J.-P. T.-S.
The two clones lacked an in-frame AUG at their 5 ' and M.-L. M., unpublished data). Among them, one ends. To recover longer clones, we first screened the class of six independent clones, which corresponded to same and subsequently two additional embryo libraries a new gene designated Barxf (BarH-like homeobox-1), with a fragment from the 5' end of one of the original was characterized further.
clones. The two longest clones extended for an addition- The residues marked with an asterisk are shared with the Antennapedia HD. The first residue is designated -I to conform to the generally employed numbering system (Kappen et al., 1993 ). An unusual Tyr in position 49 is shared with the other members of the Bar class, but not with HOXI I; an unusual Val in position 7 is shared with cnox3. but not with the others. Overall homology with cnox3, BarHl, BarH2 and HOXI I is 67%, 61%, 62% and Sl%, respectively. al 150 bp upstream and contained an in-frame AUG preceding an open reading frame of 441 nt ( Fig. 2A) . No in-frame stop coding was found further upstream. The sequence surrounding the AUG does not match well the consensus for translation initiation, but the most critical residue, a purine in -3, is conserved (Kozak, 1991) . Initiation at this AUG would yield a protein of a predicted Mr of 16 377. From our present data, we cannot exclude that our clone is not full-length and that translation starts further upstream. However, side-by-side comparison with RNA markers of known size yielded a BurxZ transcript size of 1.35 kb (not shown), close to the 1116 bp (plus a classically 150-200 nt-long poly(A) tail) of the longest cDNAs, indicating that our sequence is full-length or near full-length. The most obvious feature of the deduced protein sequence is the presence of an HD. Its sequence was found to be most similar to the HD's encoded by the hydra gene cnox3 (&hummer et al., 1992) , the Drosophila genes BarHI and BarH2 (Higashijma et al., 1992) and the homologous mouse and human genes Tlx-1 (Raju et al., 1993) and HOXZZ (Kennedy et al., 1991) (Fig. 2B) . However, the Barxl HD sequence matches the cnoxjland BarHl-and 2-derived sequences substantially better than the one of the HOXll HD (67%, 61%, 62% and 51% sequence identity, respectively). In addition, these genes share a Tyr instead of the usual Phe at position 49 of the HD. We thus class our gene within the BarH family of homeobox genes (Kappen et al, 1993) , of which it represents the first vertebrate member. In fact, the Barxl homeobox seems to be most similar to the one of cnox3. This is reflected not only by the slightly better match (67 vs. 62%), but also by the presence of an atypical Val at position 7 in the NH2-terminal arm of the HD. Regions outside the homeobox did not show significant homology with any other gene in the data base.
Chromosomal localisation
The chromosomal localisation of mouse Barxl was examined by in situ hybridization on metaphase spreads using Barxl cDNA as probe. A clear signal was obtained which mapped to the A5-B region of mouse chromosome 13 (not shown), a region characterized by a paucity of cytogenetically mapped markers.
Early expression pattern
The first stages of Barxl expression were explored by whole-mount in situ hybridization ( Fig. 3A and B) . At E9.5, a strong signal was already observed in the midgut region which, on the basis of the observations made at slightly later stages, likely corresponds to the stomach anlage (see below). A faint signal, seen more clearly on Fig. 6 . Localization of Barxl transcripts on consecutive transverse (A-C in rostra1 to caudal sequence) and frontal (D and E) sections of E 13.5 mouse fetuses. Barxl expression is detectable in mesenchymal derivatives of the branchial arches. Note that the forming masseter muscle and Meckel's cartilage appear virtually signal-free (the signal over Meckel's cartilage in D is artefactual and due to the birefringence of the cartilage cells) A, arytenoid swelling; IBP, first branchial pouch; Br, brain; CO, cochlea; M, anlage of the first molar tooth; MK, Meckel's cartilage; MS, masseter muscle; 0, olfactory epithelium; PS, palatal shelves; SB, submandibular gland; T, tongue.
sections hybridized with radioactive probes (not shown), was barely detectable in the first branchial arch at this stage. One day later, the Burxl-positivity in the mid-gut region had enlarged. In the branchial region, a strong signal could be seen, saddling the dorsal portions of the maxillary and mandibular processes of the first arch. A faint signal was now also detected in the center of the second arch (Fig. 3B , where it is not clearly distinguishable from background and data not shown).
Later stages of development were examined by conventional radioactive in situ hybridizations on serially sectioned whole embryos.
Expression of Barxl in facial processes and branchial arches
Between El 1.5 and E12.5, several Barxl-positive territories could be distinguished in the head region. In the frontonasal process, a strong signal was detected in the mesenchyme surrounding the forming olfactory epitheliurn, whereas the mesenchyme underlying the future mucosal epithelium of the nasal cavities was negative (Fig. 4A, B and E-H). A strong signal was present in the maxillary process (Fig. 4C, D, G and H) . Additional domains of expression comprise the mesenchyme within the dorsal aspects of the mandibular process of the first and the core of the second branchial arch (Fig. 4A and  B) . Barxl expression in the first and second arches was confined to the deep lateral parts, bracketing the stomodeum and the pharyngeal cavity (Fig. 5A-L) . Already at this stage, several zones of Barxl-negativity appeared within these domains, corresponding to histologically barely detectable mesenchymal condensations and attributable to the forming Meckel's cartilage and muscles in the mandibular process of the first arch (Figs. 4A-D, 5E and 5F). The ventral aspects of the mandibular process were negative at all stages (Figs. 4G, 4H, 5K and 5L). In contrast to the ectomesenchyme, none of the neural crest-derived neural structures in the On an enlargement of a coronal section of the head region of an E 11.5 embryo, labeling is detected in the loose mesenchyme in the region of the thickened dental epithelium of the first upper molar. Note that the epithelium is unlabeled. (C and D) At E13.5, the condensed mesenchyme of the future papilla and follicle is still included in the general positivity of the surrounding area. (E and F) At the cap stage (E 14.9, the dental papilla and follicle of the first upper molar are strongly labeled, whereas the enamel organ epithelium is negative. (G and H) Parasagittal section of the head region of an E 16.5 fetus showing strong expression in the papilla of the first upper molar. Craniofacial structures other than the developing molars are negative at this stage. (I and J) A section of an E 16.5 embryo shows that the incisors are Barxl-negative. E, epithelial dental lamina and bud; EN, enamel organ; F, follicle; I, upper incisor; MP, molar papilla, P, dental papilla; T, tongue. Parasagittal sections of an E 11.5 day embryo showing intense labeling in the wall of the stomach, the ventral mesogastrium and the hepatic peritoneum. Note the negativity of the pancreas anlage. (C and D) On this frontal section of an E 13.5 fetus, the signal in the stomach is still high. Note that the gastric epithelium is negative. Artefactual signal in the liver is due to blood cells. E, gastric epithelium; H, heart; HP, hepatic peritoneum; L, Liver; NT, neural tube; PP, pancreatic primordium; ST, stomach; VM, ventral mesogastrium.
head, such as Gasser's ( Fig. X-J) or the geniculate (Fig. 5A and B ) ganglion, were Barxl-positive at any stage.
At E 13.5, a complex pattern of Barxl expression was observed in some mesenchymal derivatives of the first and second branchial arches (Fig. 6A) . Barxl was widely expressed throughout the loose mesenchyme of the mandibular and maxillary processes, most notably in the palatal shelves (Fig. 6B, D and E) , in the mesenthyme surrounding the future tubo-tympanic recess (Fig. 6A ) and in the mesenchyme of the submandibular gland (Fig. 6E) . Regions of osteogenic, chondrogenic and muscle differentiation appeared virtually signalfree: the forming mandibular bone and Meckel's cartilage (Fig. 6A ) and the masseter muscle anlage (Fig. 6B) . A sparse signal outlined some muscles at the base of the tongue (Fig. 6D ). In addition, Barxl was still expressed in the mesenchyme surrounding the olfactory epithelium ( Fig. 6B and C) and Jacobson's organ (not shown), to the exclusion of the forming cartilages of the nasal septum and nasal capsules.
The developing molars were sites of particularly dynamic expression sequences. Around E 12, the mesenthyme surrounding the dental lamina of the first upper and lower molars was included in the general positivity of the area, but without any local signal increase (Figs. 51, 5J, 7A and 7B). At the bud stage (E 13.5), the condensed mesenchyme of the future dental papilla and follicle continued to be labeled, as was the mesenchyme of the surrounding area (Figs. 6C and 7D) . However, at the cap stage (E 14.5), the papilla and follicle of the first molars were more distinctively labeled as compared to the weaker signal in the surrounding area (Fig. 7F) . The epithelium of the dental anlagen was always negative. At E 16.5, a strong signal was detected in the papilla of the molars at the late bell stage ( Fig. 7G and H) and a vanishingly faint one in the soft portions of the secondary palate (not shown). No signal was detected in any other part of the head and neck at this stage.
In striking contrast to the molars, the incisors develop in a Barxl-negative area and remain negative at all stages (Figs. 5K, 5L, 71 and 75).
Expression of Barxl in the developing stomach
At El 1.5, the early expression of Barxl in the mid-gut region seen in the whole mount preparations (Fig. 3) was clearly localized to the wall of the forming stomach ( Fig. 8A-D) including the neighbouring derivatives of the splanchnopleure: gastric peritoneum, ventral mesogastrium and even the hepatic peritoneum facing the stomach (Fig. 8A-D) . The gastric epithelium was negative. Barxl expression in the stomach was still high at E 13.5 ( Fig. 8G and H) but barely detectable at E 16.5 (not shown). No signal was ever detected in more rostra1 or distal parts of the digestive tract.
Barxl expression in the limb
Another, less conspicuous area of weak Barxi expression was the proximal region of fore-and hindlimbs. The signal was barely detectable at El 1 and peaked at E13.5. On some sections, the label seemed to be localized in areas of condensing mesenchyme around precartilagenous tissue (not shown).
Discussion
We report the characterization of a novel mouse homeobox gene whose restricted spatio-temporal expression profile suggests a role in local patterning and epithelio-mesenchymal interactions at a limited number of sites in the embryo. Based on overall homology, its HD is most closely related to the ones of Drosophila BarH-I and -2 (Higashijma et al., 1992) and of hydra enox3 (Schummer et al., 1992) . Barxl fits thus best in the BarH class of homeobox genes (Kappen et al., 1993) and is the first vertebrate member of this family identified up to now. The Barxl HD is in fact most similar to the cnox3 HD, with which it shares a very atypical Val in the NH2-terminal arm of the HD at a position which has been reported to be critical for DNA binding specificity of Drosophila HOM genes (Ekker et al., 1994) . The surprisingly high degree of sequence conservation between the hydra and mouse HD's (67%) points to the very ancient character of this homeobox gene family.
Although Barxl has been found by virtue of its binding to the promoter of the NCAM cell adhesion receptor gene, there are no obvious links between the expression patterns of the two genes, and its affinity for the sequence used for screening may be without biological meaning. We can, however, not entirely dismiss the possibility that Ncam is positively regulated by Barxl in some territories, as Barxl precedes Ncam expression at some sites (J.-P. T.-S., unpublished results). Altematively, Barxl may repress Ncam expression in neural crestderived mesenchyme.
Barxl expression in branchial arches and the frontonasal process
Despite the variety of branchial arch structures which transiently express Barxl, they can be traced back to a common embryonic origin. The primary and secondary palate, the stroma of the salivary gland, the mesenchyme of the walls of the future Eustachian tube and the dental papilla are of neural crest origin (Lumsden, 1988; Noden, 1988; Le Douarin et al., 1993) . In the lateral parts of the first arch and the base of the tongue, it is impossible to rule out expression in somitomere-derived myogenic mesenchyme. However, the location of the future masseter muscle was less intensely labeled than the surrounding mesenchyme, and the signal associated with the tongue muscles seemed too sparse to be derived from the muscle itself. Instead, it is more likely that it is the neural crest-derived connective tissue associated with these muscles which were labeled. Also compatible with a restriction of Burxl expression to neural crest derivatives is the observation that its onset follows the completion of neural crest cell migration in the head. Given the range of Burxl-positive structures around E 12, we conclude that the origin of the Burxl-expressing neural crest-derived cells spans the prosencephalon, the mesencephalon and the anterior part of the rhombencephalon. Barxl expression in neural crest derivatives is restricted to the mesectoderm and all crest-derived neural structures were consistently Barxi-negative.
As in the case of other homeobox genes expressed in the branchial arches, e.g. goosecoi'd (Gaunt et al., 1989) , Dlx-I (Doll6 et al., 1992), Dlx-2 (Bulfone et al., 1993) , Tlx-1 (Raju et al., 1993) , Mhox/Phox-Z/KZ/Prx-1 (Cserjesi et al., 1992; Grueneberg et al., 1992; Kern et al., 1992; Nohno et al., 1993) , S8 (Opstelten et al., 1991) and Msx-1 (Hill et al., 1989) , the spatially restricted expression pattern of Barxl within the branchial arches precedes overt differentiation and suggests positional control of its expression within the arch field. Grafting experiments support such position-dependent regulation for Msx-1 (Brown et al., 1993) . Even though we did not compare expression patterns directly, it is clear from our and published data that, at comparable stages, the domains of Msx-I, Dlx-I, goosecoid, Mfiox and Barxl expression overlap but do not coincide.
Several sites and periods of expression correlate with classical examples of inductive epithelial-mesenchymal interactions: the salivary gland stroma at the time of branching of epithelial tubules, the dental papilla at the time of cytodifferentiation in the enamel organ (see below) and the palatal shelf mesenchyme just before oral, nasal and midline specialization of the palate epithelium (Ferguson, 1988; Noden, 1988; Le Douarin et al., 1993) . Another site of mesenchyme/epithelial juxtaposition involving Burx-1 expression is the olfactory epithelium, though an inductive role for the submucosa on the epithelium has not been described in that case. Burxl could thus be involved in the inductive effect of some of these mesenchymal regions on the adjacent epithelia.
Another recurrent theme is that Burxl is downregulated in the chondrogenic and osteogenic mesenthyme of the face and neck (most notably in the blastemata of the nasal septum and nasal capsules, in Meckel's cartilage and the area of the future maxillary bone), suggesting that Burxl down-regulation is a prerequisite for chondrogenic and osteogenic differentiation.
Finally, Barxl expression around the future masseter muscle and in the mesenchyme at the base of the tongue suggests that it could be involved in the patterning properties of the ectomesenchyme vis-a-vis the streams of myogenic cells migrating from the somitomeres (reviewed by Noden, 1988) . Consistent with the idea that Burxl controls patterning processes in the head rather than overt differentiation, its transcripts disappear beyond E 14.5 from most mesenchymal derivatives with the exception of the developing teeth.
Barx-I expression in the tooth germ
The teeth develop from specialized thickenings of the upper and lower jaw epithelium and adjacent neural crest-derived mesenchyme (papilla and follicle) through a series of well characterized morphological stages (successively bud, cap and bell) involving reciprocal inductive events (reviewed in Lumsden, 1988) . A number of transcription factors are known to be expressed in one of the two interacting compartments at various stages of tooth formation. A Msx-I probe labels the proliferating mesenchyme from the earlier stage of dental lamina thickening onwards and labeling persists in the papilla and follicle until the late bell stage (Mackenzie et al., 1991; Mackenzie et al., 1992) . Dix-I (DollC et al., 1992) and S8 (Opstelten et al., 1991) probes label specifically the papilla. Dlx-2 is expressed in the differentiating ameloblast layer derived from the enamel organ epitheliurn (Porteus et al., 1991) . Msx-2 expression repeatedly shifts compartments during tooth differentiation, apparently following the successive exchanges of inductive roles between epithelium and mesenchyme (Mackenzie et al., 1992) . Egr-I is also transiently and recurrently expressed in cell populations of both epithelial and mesenchymal compartments at times of differentiation (Karavanova et al., 1992) . All these factors are potentially involved in the morphogenesis of the tooth germ and likely cross-regulate each other directly or through autocrine or paracrine loops. Indeed, several growth factors are also transiently and locally expressed in the developing tooth germ, including BMP2, BMP4 (Vainio et al., 1993) , int-2 (Wilkinson et al., 1989) and Fgf-4 (Niswander and Martin, 1992) . BMP-4 in particular has been shown to be involved in secondary epithelial and mesenchymal inductions and to regulate the expression of Msx-1, Msx-2 and Egr-1 (Vainio et al., 1993) . Recently, the knock-out of Msx-I was found to result in massive disruption of tooth development (Satokata and Maas, 1994) .
In striking contrast to other transcription factors expressed during tooth development, Barxl expression is restricted to the anlagen of the molars, whereas the incisors develop in a Burxl-negative area and remain negative at all stages. After labeling the papilla and follicle around the molar lamina, bud and cup in a manner hardly distinguishable from the neighbouring mesenthyme, Barxl becomes restricted to and reaches a peak of expression in the papilla of the bell stage germ of the molars, when the papilla induces ameloblast differentia-tion and morphogenesis of the enamel organ, two processes in which it could thus be involved. Its restricted expression in the molars may provide the positional information responsible for the morphological differences between molars and incisors.
The high level of Z3urxZ expression in both the palatal shelves and late tooth papilla is reminiscent of the frequent association in humans of non-syndromic palatal clefts and tooth dysgenesis (Ranta, 1986) . As pointed out by Satokata and Mass (1994) , such an association could be explained either by a mechanistic interdependence of tooth and palate development or by the control of the two processes by a single gene, Barxl being an interesting candidate.
Barxl expression in the stomach
The stomach is formed by a localized swelling of the primitive gut which consists itself of an epithelial tube derived from endoderm surrounded by mesenchyme derived from lateral plate mesoderm. The mesoderm contributing to the forming stomach, including future smooth muscle and gastric peritoneum, expresses Burxl at a stage just prior to the morphological specialization of the stomach. It thus appears that along the undifferentiated primitive gut, Burxl is induced in a positionally defined segment of the splanchnopleure and that it could have a direct role in its differentiation into stomach. Obvious candidates for a positional restriction of Barxl transcription along the anterior-posterior axis of the primitive gut are ZZox genes which are expressed in the digestive tract mesoderm (Graham et al., 1988; Dony and Gruss, 1987; Galliot et al., 1989; Behringer et al., 1993) with different rostra1 limits (Gaunt et a1.,1988; Dollt et al., 1991) . For instance, the stomach wall expresses Hox-a3, Hox-al, Hox-64 and Hox-d4, but neither Hox-c8 nor Hox-dl3. Moreover, Hox-al, like Barxl, is not expressed further rostrally to the stomach. It remains to be determined if the caudal limit of Barxl expression matches with the rostra1 limit of expression of a Hox gene.
Materials and methods
Mice
Embryos were obtained from timed matings of outbred NMRI mice (CERJ). The middle of the day following the detection of a vaginal plug was designated as embryonic day 0.5 (E 0.5).
Cloning and molecular characterization
A cDNA library was constructed in the expression vector lambda gtll SE-Not (Promega) from E11.5 whole embryo RNA according to the manufacturer's instructions and screened with end-labeled doublestranded oligonucleotides covering the a and b footprints of the Ncam promoter as described (Valarche et al., 1993) . Sequencing of two out of six cross-hybridizing clones recovered in this screen revealed that they corresponded to a new gene. They gave a strong signal with the native ab sequence, but not after mutating its AT-TATTA motifs into AcTAAcTA, demonstrating that the Barxl HD recognizes the same site as the previously isolated Phox2 HD (Valarche et al., 1993) . Two inserts (pab 80 and pab 231) were sequenced in their entirety using Sequenase Version 2 sequencing kits (United States Biochemical) after subcloning them into Bluescript vectors. To obtain a full-length clone, the same library and two commercial libraries prepared from E 11.5 whole embryo RNA (one from Clontech in lambda gtl0 and one from Novagen in 1ambdaSHZox) were screened with a fragment of pab 80 (position 160 to position 808 in the composite sequence shown in Fig.  2A ) and with an oligonucleotide derived from its 5' end (position 198 to position 218). Two out of 45 clones (both from the Novagen library) had longer inserts than the original clones. Their 5 ' parts were sequenced after plasmid recovery using the Cre-ZoxP system as described by the manufacturer.
Total RNA was extracted and Northern blots prepared as described (Valarche et al., 1993) . A Barxl cDNA fragment extending from position 198 to position 896 was used as probe. Transcript size was determined by running a ladder of RNA markers of known size (Gibco BRL) alongside. The Burxl transcript comigrated precisely with an 1.35-kb RNA.
Chromosomal localisation
In situ hybridization was done using metaphase spreads from a WMP male mouse, in which all the autosomes except 19 were in the form of metacentric Robertsonian translocations. The BarxZ-cDNA-containing plasmid was tritium-labeled by nick-translation and the probe hybridized to metaphase spreads as described (Mattei et al., 1985) .
In situ hybridization
Barxl transcripts were detected with an antisense cRNA probe transcribed by T3 RNA polymerase from the plasmid pab8OPH containing nt 198-896 of the Barxl sequence. Barxl expression was analyzed on serial sections of mouse embryos between El 1.5 and E16.5. The grain density on sections hybridized with the Barxl sense probe never exceeded background levels. The RNA probe was labeled with (35S)UTP (Amersham, 1000 Ci/mmol) and hydrolyzed to generate 250-nt fragments. Embryos were prefixed in 0.1 M sodium phosphate buffer (pH 7.3), 4% paraformaldehyde at 4°C overnight, cryoprotected in 15% sucrose, 0.1 M sodium phosphate buffer at 4°C overnight and embedded in Tissue-Tek (Miles Laboratories). Cryosections, 10 pm thick, were transferred onto gelatin/chromium(III) potassium sulfate-subbed slides and dried at room tem-perature. Prior to hybridization, slides were post-fixed. The hybridization procedure was according to Wilkinson (1989) . Exposure time was two weeks.
Whole mount in situ hybridizations, using the same RNA probe as above (except that it was digoxigeninlabeled and not hydrolysed after synthesis) and revealed with an alkaline phosphatase-coupled anti-digoxigenin antibody, were performed exactly as described by Wilkinson (1992) .
